HSP90 family, the HSP70 family, the HSP60 family, Background. Recent studies have shown that the 72-and low molecular weight HSPs, such as HSP27 (alias kDa heat shock protein (HSP72) can be induced in HSP28) [2]. Major members of these families are renal tubular cells by a variety of stress conditions, expressed in cells even under normal conditions. They and suggested its cytoprotective function. We have have been shown to act as molecular chaperones, tested this hypothesis directly by transfection studies.
Introduction assessed susceptibility of these cells to injury in response to treatments with hydrogen peroxide (H 2 O 2 ) Heat shock proteins (HSPs) are rapidly synthesized and a nephrotoxic agent, cisplatin. The results demonin cells in response to abrupt and adverse changes in strated a direct cytoprotective role of HSP72 in LLCtheir environment, and are highly conserved proteins PK1 cells against these treatments. among species [1] [2] [3] . Mammalian HSPs are classified into groups according to their molecular sizes: the A. Komatsuda et al. 1386 37°C. Stained cells were examined using a universal fluo-
Subjects and Methods
rescent microscope (Zeiss, Oberkochen, Germany).
Cell culture Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and immunoblot
LLC-PK1 cells [13] were obtained from Dainippon Seiyaku (Osaka, Japan). The cells were maintained in 15-cm2 tissue Equal numbers of trypsinized LLC-PK1/neo cells and LLCculture flanks in medium 199 (Nissui pharmaceutical Co., PK1/HSP72 cells were lysed in the sample buffer of Laemmli LTD, Tokyo, Japan), supplemented with 5% fetal calf serum, [18] . The samples were centrifuged at 15 000 g for 20 min at at 37°C in a humidified incubator with 5% CO 2 . The medium 4°C, and equal amounts of the supernatants were prepared was further supplemented with a neomycin analogue, G418-for SDS-PAGE and immunoblot analysis. SDS-PAGE was sulfate (500 mg/ml ) (Gibco BRL, Life Technologies Inc., carried out by the method of Laemmli [18] . Immunoblot Rockville, MD, USA) for selection and maintenance of was performed by the method of Towbin, Staehelin and neomycin-resistant clones.
Gordon [19] . For the first antibodies, we used rabbit antisera against HSP90, HSP73, HSP72 and HSP60, and rabbit
Construction of eukaryotic expression vectors
antibody against HSP27 (StressGen Biotechnologies Corporation) at a dilution of 15500. For the second antibody, A 2.3-kb BamHI-HindIII fragment containing entire coding alkaliphosphatase-conjugated anti-rabbit IgG (Bio-Rad, regions of the human HSP72 gene was excised from plasmid Richmond, CA, USA) was used at a dilution of 15500. pH2.3, which was kindly provided by Dr Richard Morimoto Quantitative densitometric measurements of immunoreactive [14] . The fragment was inserted into the BamHI-HindIII bands in the samples were made by an NIH image program sites of pBK-CMV expression vector (Stratgene, La Jolla, (NIFTY Serve, FBIO, USA) [20] . CA, USA), carrying a neomycin resistance gene. At the end of the incubation, cell viability was measured regents, and 2 mg of pBK-CMV-HSP72 or pBK-CMV were by the MTT (3-[4,5-dimethylthiazol-2-yl ]-2,5-diphenyltetraadded. This mixture was removed after incubation for 6 h, zolium bromide, Sigma Chemical Co.) assay as described and complete growth medium was replaced. Four days after previously [21] . Lytic cell damage was assessed by lactate transfection, a G418 selection was carried out for 2 weeks dehydrogenase (LDH ) release assay. LDH was measured by with media changes every 3 days. Stably transfected clonal the Wroblewskı-LaDue method [22] , using an assay kit cells were isolated from a pooled population of clones.
Assays of cell viability and lytic cell damage in LLC-
( Wako Pure Chemical Industries, Ltd., Osaka, Japan). LDH release was expressed as the percentage of LDH released in the medium to total LDH (released plus cellular LDH ).
Antibodies against HSP90, HSP73 HSP72, HSP60 and HSP27 Statistical analysis
Purification procedures for mammalian HSP90, HSP73, Data are given as means±standard deviation. Differences HSP72 and HSP60, and antibody productions against these between groups were compared by Student's t-test, and were HSPs in rabbits were described previously [15] [16] [17] . Rabbit considered to be significant when P values were <0.05. antibody against HSP27 was purchased from StressGen Biotechnologies Corporation ( Victoria, Canada).
Results

Phase contrast microscopy and Immunofluorescence analysis Stable overexpression of HSP72 in LLC-PK1 cells
Phase contrast microscopy was used to evaluate the morpho-Equal amounts of cellular proteins from LLC-PK1/ logical characteristics of LLC-PK1 cells and the intensity of neo cells and LLC-PK1/HSP72 cells were separated cell injury after treatment with H 2 O 2 or cisplatin.
by SDS-PAGE ( Figure 1A ). Immunoblot analysis Transfected LLC-PK1 cells growing on cover glasses were revealed a 3-fold higher expression level of HSP72 in fixed with 0.2 M phosphate buffer, pH 7.4, containing 2% LLC-PK1/HSP72 cells than in LLC-PK1/neo cells paraformaldehyde for 30 min. The cover glasses were incub-( Figure 1B ). In contrast, the expression of other major ated with rabbit antiserum against HSP72 (diluted 15100 in HSPs (HSP90, HSP73, HSP60 and HSP27) was not PBS) for 60 min at 37°C. After the cover glasses were rinsed affected by transfection ( Figure 1B ). The overexpresin PBS, they were incubated with fluorescein isothiocynatesion of HSP72 in LLC-PK1/HSP72 cells was also conjugated gout anti-rabbit IgG ( Vector Laboratories Inc., Burlingame, CA, USA) at a dilution of 1510 for 30 min at confirmed by immunocytochemistry ( Figure 2B ). LLC-PK1/HSP72 cells than in LLC-PK1/neo cells, after H 2 O 2 and cisplatin exposures. In addition, lytic cell damage was assessed by LDH-release assay. As shown in Figures 5 and 6 
Discussion
The kidney is one of the major organs for a tissuespecific HSP72 response [23] . A number of studies have shown the rapid induction of HSP72 in renal tubules in rat kidneys after transient ischaemia [6, 7] , and in cultured renal tubular cells under a variety of stress conditions [8,9,12]. Although Joannidis et al. [24] reported that the induction of HSPs including HSP72 did not prevent renal tubular injury following ischaemia in rats, several in vitro studies have demonstrated that the pre-induction of HSP72 in renal tubular cells produces tolerance against subsequent stress conditions [9,12,25]. In view of clinical implications of HSP72, Perdrizet et al. [26 ] reported its protective effects on renal allografts in pigs.
However, there is a possibility that other HSPs, which might have similar protective roles, were also induced in the above-mentioned models. For example, cell extracts using specific antibodies. The results showed that HSP72 was specifically overexpressed, and that the expression of the other major HSPs was not Cytoprotective effect of overexpression of HSP72 in affected by transfection procedures.
LLC-PK1 cells against oxidative injury and cisplatin
Recent studies using gene transfection techniques toxicity have shown a direct role of overexpressed HSP72 in the protection from some types of injury in various To examine the effect of stable HSP72 expression in LLC-PK1 cells against oxidative stress and nephrotox-cells [28] [29] [30] . Our transfection studies demonstrated for the first time that renal tubular epithelial cells icity, LLC-PK1/neo and LLC-PK1/HSP72 cells were treated with various concentrations of H 2 O 2 or cispla-overexpressing HSP72 confer resistance against H 2 O 2 injury and cisplatin toxicity. tin. Thereafter, the morphological changes, cell viability and lytic cell damage of these cells were Polla and co-workers [31] reported that the induction of a heat shock response prevents subsequent investigated.
Under normal conditions, adherent LLC-PK1/neo H 2 O 2 -induced cell death in the human premonocytic line U937. However, the precise molecular targets for cells and LLC-PK1/HSP72 cells demonstrated typical morphology (data not shown). After exposure to H 2 O 2 this protective effect remained elusive. It has also been known that endogenous scavenging enzymes, such as or cisplatin, LLC-PK1/neo cells became rounded and detached, and the density of adherent cells was superoxide dismutase, can be induced by heat shock itself in bacteria [31] . Recently, they have shown that decreased in a dose-dependent manner (data not shown). On the other hand, LLC-PK1/HSP72 cells mitochondria represents the primary intracellular target for heat shock-induced protection against oxidshowed less detachment and higher cell density (data not shown).
ative injury in U937 cells [32] . Since protection correlated best with the expression of HSP72, they suggested These findings were further corroborated by the MTT assay. We confirmed that there was an almost its specific role in mitochondrial protection against oxidative injury [32] . linear relationship between the cell count and the measured O.
D. (data not shown). As shown in Figures
Cisplatin is a widely used antineoplastic agent. However, the administration of this drug results in 3 and 4, the O.D. values were significantly higher in Although little is known about the protective function of the HSP70 chaperone system under stress conditions [4], the mechanisms by which HSP72 prosignificant renal injury, especially in the S3 segment of proximal tubules. Primary effects of cisplatin are the tects LLC-PK1 cells from H 2 O 2 injury and cisplatin toxicity might be similar. Since mitochondrial damage inhibition of protein synthesis and glutathione depletion. The latter effectively harms the cellular oxidant is the common feature in both H 2 O 2 -and cisplatininduced cell injuries, HSP72 seems to play a role in defence system, eventually leading to mitochondrial damage [33] . Regarding the development of cisplatin mitochondrial protection in our model. It is also considered that the overexpressed HSP72 in injured resistance in tumour cells, recent studies have demonstrated that an increased cellular level of HSP27 is one cells has a role in preventing or reversing protein aggregation as a molecular chaperone [4] . of important factors [34, 35] . 
Note added in proof
After submitting our manuscript, Turman and Rosenfeld [36 ] have shown that overexpression of the highly inducible 70 kDa HSP protects LLC-PK1 cells from heat shock but not hypoxia, by transient transfection studies. 
